Abstract-In this paper, the authors describe a system of two Doppler radars (the RONSARD system) operated for the study of precipitating clouds (fronts and convective storms).
(CNRS) and Centre National d'Etudes des Tdldcommunications (CNET), for atmospheric studies.' Many pulse-coherent radars have been described in the literature and in some ways the RONSARD radars, whose main characteristics are given in the Appendix, are comparable to other equipments. However, some unique characteristics of this system are worth emphasizing, particularly those concerning the installation and operating procedures, the receiver and the real-time dataprocessing unit.
It will be shown in Part I (Sections II to IV) that special care has been exercised to achieve transportability and reliability, the consequences of which have been a special aerial design and a fully digital signal processor. For instance, RONSARD uses a magnetron transmitter and a digital phase memory instead of the conventional STALO-COHO method for obtaining coherence. In addition, the high-data compression requirement led to implementation of hardware real-time digital subsystems.
Part II (Sections V and VI) is devoted to a brief review of the CRPE scientific programs based on the RONSARD system and to the presentation of a few preliminary results. 
PART I II. RADAR CONFIGURATION
Each of the two identical radars consists of two transportable subsystems. One is a trailer (Fig. l) supporting the fully steerable antenna as well as the transmitter and receiver boxes attached behind the antenna. The full azimuthal motion is limited to a 7200 scan. This design eliminates all radio frequency (RF) and intermediate frequency (IF) rotary joints, thus improving the reliability of the equipment.
The two V-shaped wings fixed behind the antenna are designed to dynamically balance the aerial against differential wind forces, thus reducing the necessary power and the weight of the servo-motors. The second part of each radar is a transportable shelter (Fig. 2) containing the control desk, the processor, and the on-line minicomputer.
The time needed to install the equipments on site, assuming that hard horizontal platforms are available, is of the order of three days for each radar; it consists of assembling the antenna and wings, positioning the trailers, connecting cables, and testing the system. 0018-9413/79/1000-0281$00.75 i 1979 IEEE III. PRINCIPAL CHARACTERISTICS OF THE RECEIVER A. Dual-Polarization Capability A 450 K overall effective noise temperature measured at the antenna port is achieved by the use of a two-stage 120 K parametric amplifier. The additional noise is due to various wave guide losses between the feed horn and receiver caused by the dual-polarization circuitry. Fig. 3(a) shows the RF stages of the radar with an orthomode coupler and a polarization switch, controlled by the computer according to the timing diagram described in Fig. 4 The RONSARD receiver extended dynamic range is illustrated in Fig. 5 showing power measurements obtained with an echo-box.
C. Self-Calibrating Capability
Another interesting feature, which is important for reflectivity measurements, is the self-calibrating capability. Every 
IV. PRINCIPAL CHARACTERISTICS OF THE PROCESSOR A. Complex Video Processor
The RONSARD processor is designed for handling complex video signals. After mixing with an RF local oscillator ( Fig. 3(a) , the returned signal is mixed with the output of a free running 60-MHz oscillator ( Fig. 3(b) The effects of that quantization can be seen by considering that the unit circle is replaced by discrete points made with the eight vertices of a circumscribed octagon (Fig. 7(a), (b) ). The result is a 1.25 power gain and additive noise. However, spurious spectrum lines are maintained at least 13 dB below the main spectrum line amplitude. Prior to calculating the spectral moments, a threshold at -12 dB from the peak is used to guarantee that the clutter due to approximate DFT does not appear in the estimated signal spectrum (Fig. 7(c), (d) ).
E. Moments Computer
The data flow at the output of the analog-to-digital converters is about 3.0 Mbit -s-1 for highest PRF. This is the result of 64 dual conversions with 8-bit coders 2928 times/s. After computation of the power spectrum density (PSD) when, thanks to the use of ping-pong memory, no data are missed, 64 The second moment of the PSD leads to a measurement of the spectrum variance which, until now, has mainly been used for elimination of spurious echoes. A variance threshold, adjusted to 5 m2 s-2 for treatment of frontal systems data, is used at this time for eliminating: 1) regions with no echo (radar noise only); 2) multiple trip returns characterized by a high-reflectivity factor and a white-noise type spectrum. 
F. Ambiguous Velocity Corrector
The radial velocity and the velocity variance are derived from straightforward algorithms computing the mean frequency and variance of power spectra:
where Mi is the ith spectral moment.
These estimators provide erroneous measurements of the mean velocity and variance when the central line of the spectrum approaches the limits of unambiguous domain as illustrated in the Fig. 8(a (Fig. 8(a) (Fig. 8(b) Moreover, the PPP mean velocity estimator is sensitive even to a low-intensity secondary peak in the spectrum. Thus due to leakages of digital high-pass filters, advantage cannot really be taken of fixed target cancellor implementations. In any case, covariance argument techniques used for variance estimations imply an assumption concerning spectra shapes (usually "Gaussian") which is unacceptable in case of multimode spectra.
2) When processing poor signal-to-noise ratio spectra, the velocity estimator based on FT technique has poor results mainly because of biasing at Nyquist interval. In case of RONSARD radars, this particular disadvantage is partly overcome since spectra approaching the Nyquist interval are detected and shifted (see Section IV-E).
However the disadvantage of FT method mainly appears when handling multiple trip returns mixed with unambiguous signals: the -12-dB threshold operated on such a spectrum is strongly exceeded since the multiple trip return behaves as an uncorrelated noise with high intensity, generaly yielding a very low signal-to-noise ratio.
The FT estimator delivers a close to zero velocity estimate while PPP has a correct radial velocity estimate if the signalto-noise ratio keeps greater than 0 dB [9] . But, whatever is the origin of spectrum broadening (radar noise or multiple return echoes) the FT estimate of the variance exceeds the previously mentioned variance threshold and the associated mean velocity is eliminated. On the contrary, covariance argument variance estimators cannot easily yield a coherent power test. This is a major advantage of FT technique which clearly appears when one attempt the integration of continuity equation in order to retrieve the tridimensional wind field from dual Doppler measurements (see Section V), since the method is very sensitive to spurious data.
The previous discussion leads to the conclusion that, in spite of low cost advantage PPP's have deficiencies for certain types of data which FT PART II
The flexibility of the RONSARD system is the result of both the radars design and of the special receiver and data processing. A short description of typical procedures for observing air motions, and various examples of preliminary scientific results are given below.
V. OBSERVATIONAL PROCEDURES Three types of methodologies are used for investigation of the air motions and precipitation characteristics; they correspond to three methods of analysis of the observational data. 1) Conical Scanning (single radar methodology-typical exploration time: 7 min): Hemispherical exploration is performed through full 3600 scannings at various fixed elevation angles and with typical ranges of 0.8-100 km. The method described by Browning-Wexler [4] , extended to the case of nonuniform distributions of tracers [1 1 , is used for radial velocity analysis.
It provides vertical profiles of the mean horizontal velocity VH and divergence div VH at scales of about 40 km. In addition, the vertical velocity may be obtained by the integration of the continuity equation under the anelastic approximation. This method was used in observations of stratiform precipitation associated with frontal systems [11] . Fig. 9 shows the horizontal wind field in the vicinity of a cold front as deduced from the conical scanning methodology. Contours of cross front velocity (upper diagram) and a long front velocity (lower diagram) are displayed in a reference frame moving with the front.
Ahead of the front, the mixing of the two air masses is found associated with ageostrophic motions with significant hori- zontal accelerations and with intense vertical ascent. The rain bands are found stationary in the frame moving with the front.
2) Coplan (dual radar methodology-typical exploration time: 3 min): This classical methodology, adapted for investigation of three-dimensional convective motions associated with storms or showers, was first proposed by Lhermitte [7] . The interpolation program (needed to analyze dual Doppler data on a common grid) that is used with RONSARD data yields a three-dimensional wind field over a typical 50 X 50 X 10-km volume with a resolution of 1 X 1 X 0.5 km. This basic technique has been improved to allow a correct retrieval of the first derivative of the wind field which leads to the computation of the vertical air acceleration derived from standard hydrodynamic equations and thus to the buoyancy force. Fig. 10 illustrates the convective wind field observed in a shower using the coplan methodology. A vertical cross section of the wind field is exhibited, superimposed on contours proportional to the vertical acceleration.
3) Soundings at vertical incidence (single radar methodology -typical resolution range: minimum altitude = 800 m, altitude resolution = 200 m. Typical time needed for a 10-km altitude range acquisition: about 0.5 s): Taking advantage of the 64-point samples time series recording capability, and off line Fourier processor yields power spectrum densities with about 30-dB dynamic range. An objective noise level determination [6] is used to set the threshold. 1) Air dynamics, and the physics of precipitation in midlatitude frontal systems: The use of the three previous methodologies provides dynamical data in a wide-scale range (from 1 to about 300 km) and microphysical information from vertical incidence soundings allow the study of the formation process of precipitation.
2) Dynamics, thermodynamics and precipitation associated with deep convection: Coplane methodology and occasionally vertical incidence soundings are used, yielding the threedimensional wind vector, precipitation field, and microphysical data. This leads to a better knowledge of the formation process of precipitation in convective conditions, and of the interaction between air dynamics and precipitation. In addition, the estimation of vertical fluxes of momentum, mass, vorticity, liquid water, which is possible from our data, allows an approach to the problem of convection parametrization.
3) Propagation studies in the frequency range 4-14 GHz for telecommunication purposes: This program is based on the simultaneous use of dual polarization radar data, and data of attenuation or cross polarization obtained on radio links (I 1 and 14 GHz beacons of the O.T.S. satellite, and 4-13 GHz terrestrial radio links). The radar data are used both to determine the structure of rain cells aloft and to identify the hydrometeors responsible for the cross polarizing and attenuating properties of the precipitation.
A 
